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I '  

I 

I. SUMMARY 

During the second quarter addi t iona l  design ca l cu la t ions  were made t o  

compute the  vol tage capab i l i t y  and- the  cu r ren t  ga in  of the  t r a n s i s t o r .  

The e p i t a x i a l  technique and the d i f fus ion  process were perfected.  Most 

of the  work on the encapsulat ion was completed. 

Three designs a r e  under consideration. The d e t a i l s  of these  designs 

a re  given i n  the  next sec t ion .  Three groups of t r a n s i s t o r s  were f a b r i -  

cated accoiding t o  Design 1 and two groups of t r a n s i s t o r s  were f ab r i ca t ed  

according t o  Designs 2 and 3. 
e l e c t r i c a l  c h a r a c t e r i s t i c s  a r e  included i n  Sect ions I1 and 111. 

These t r a n s i s t o r s  were encapsulated.  The 



11. PROGRESS DURING SECOND QUARTER 

A. Material Preparation 

The e p i t a x i a l  sur face  requirements f o r  the 100-amp t r a n s i s t o r s  a re  s t r i n -  

gent;  no de fec t s  a r e  t o l e r a b l e  over the  e n t i r e  l a rge  a rea  ac t ive  region. 

Small a r ea  devices  can t o l e r a t e  several  de fec t s  s ince  these  u n i t s  can be 

discarded. However, the  presence of one de fec t  i n  the  100-amp configura- 

t i o n  would n u l l i f y  the u n i t  because of the r e s u l t a n t  low vol tage  o r  sho r t  

c h a r a c t e r i s t i c s .  

o r i g i n a t e  a t  the  s u b s t r a t e  e p i t a x i a l  l aye r  i n t e r f a c e  and a r e  dependent on 

sur face  c leanl iness ,  subs t r a t e  per fec t ion  and system pur i ty .  

It has been determined t h a t  a l l  e p i t a x i a l  de fec t s  

1 . Subs t ra tes  : 

The s u b s t r a t e s  used f o r  the  100-amp devices  a re  degenerate i n  t h a t  they 

a re  heavi ly  doped with i m p u r i t i e s .  

s e l ec t ed  t o  ob ta in  the designed sa tu ra t ion  vol tage c h a r a c t e r i s t i c s .  

Heavily doped s u b s t r a t e s  inherent ly  contain s u f f i c i e n t  impur i t ies  t o  d i s -  

t o r t  t he  c r y s t a l  l a t t i c e .  

The doping l e v e l  of the  subs t r a t e  was 

Dis tor t ions  caused by p r e c i p i t a t e s  o r  inc lus ions  
w - i l l  fiat p e r n i t  a aufffrfent?y good l a C C 4 , -  CLLL.S m n ~ - L  I 1 1 E L b L 1  L V L  FA- rlrr6lr-t uG&Gbb-free epicsxia!. 

growth. 

parent  c r y s t a l  growth condi t ions and the  type of dopant. Evaluation of 

the  s u b s t r a t e  ma te r i a l  i s  accomplished by examination of the  chemically 

pol ished sur face  p r i o r  t o  e p i t a x i a l  growth. A chemically polished sur face  

i s  employed f o r  t h i s  device t o  i n s u r e  a damage-free sur face  and t o  permit 

microscopic examination of the surface before growth i s  

TZeSt: d i s t o r t i o n s  can be el iminated by ca re fu l  s e l e c t i o n  of the  

i n i t i a t e d .  

2. Subs t ra te  Preparat ion:  

Pre 'paration of the  s u b s t r a t e  mater ia l  before e p i t a x i a l  growth i s  a decid- 

i n g  f a c t o r  i n  producing defec t - f ree  e p i t a x i a l  layers .  

impur i t ies ,  such as aluminum or  iron, a r e  re ta ined  by the  subs t r a t e  a f t e r  

the  s l i c i n g  and doping operat ions.  

Heavy metal . 

These can give r i s e  t o  fo re ign  

-2- 



nucleat ion s i t e s  during the  grawth process. Wetting agents or so lvents  

do  not e f f e c t i v e l y  remove these heavy metals.  However, chemical techniques,  

such a s  r eac t ive  ch lor ide  acids,  convert most heavy,metals t o  water so lub le  

metal chlor ides  and a r e  e a s i l y  removed by subsequent r i n s i n g  i n  deionized 

water. 

3. Ep i t ax ia l  System Puri ty:  

Ep i t ax ia l  growth. per fec t ion  i s  a l s o  dependent on system pur i ty ,  t h a t  i s ,  

the  environment i n  which the  chemical reduct ion of the  ha l ide  takes  place.  

a. Gas System -- The gases used i n  the  e p i t a x i a l  process m u s t  be 

The hydrogen used f o r  the  reduct ion  i s  passed through a of good qua l i ty .  

Deoro u n i t  t o  remove t r a c e s  of oxygen and then through a dryer  t o  remove 

submicron f i l t e r s  t o  remove fo re ign  p a r t i c l e s  before they en te r  the  reac-  

t i o n  chamber. 

The con t ro l  of t he  gases, the  valving and piping required t o  mix and 

d i l u t e ,  switching and metering a r e  a l l  done i n  a system t h a t  i s  leak  

proof. The ma te r i a l s  of construct ion a r e  of t e f lon ,  quartz ,  and s t a i n l e s s  

steel .  t c  m i n t a i r .  gas pur i ty  p r i o r  tc the r eac t ion  chamber. 

b. Reactor -- A hor izonta l  RF heated e p i t a x i a l  system was used 

f o r  a l l  the  100-amp device subs t r a t e s  (Figure 1). 

pure grade of graphi te  coated wi th  s i l i c o n  carbide.  The s i l i c o n  carbide 

is  deposi ted on the graphite tinder the  name rnndj.t_innn r e q ~ i r ~ c !  f ~ r  e p i -  

t a x i a l  growth. 

The susceptor  i s  a 

The r e a c t i o n  tube is of quar tz  and the susceptor  i s  supported i n  a 

qua r t z  s led .  Reactor tube and susceptor loading i s  accomplished i n  a 

p o s i t i v e  pressure hood t o  minimize dus t  or envirmmental  p a r t i c l e s  from 

contaminating the  sur faces  of the  slices. 

-3 - 



C. Ep i t ax ia l  Procedure -- The e p i t a x i a l  procedure f o r  the  100-amp 

device cons i s t s  of hea t ing  the  subs t r a t e s  t o  120OoC i n  a f i l t e r e d  dry 

hydrogen atmosphere. Pure gaseous HC1 is introduced t o  e t ch  the sub- 

strate8 p r i o r  to growth. The reac t ion  of HC1 and s i l i c o n  ie the reverse 

of the  depos i t ion  r e a c t i o n  and permits the  removal of the  l a s t  t r a c e s  of 

work damage caused by chemical polishing. 

4 HC1 + Si ---- SC14 + 2 H2 

S u f f i c i e n t  s i l i c o n  i s  removed t o  insure a l a t t i c e  match f o r  the  growth 

operat ion . 
The HC1 procedure i s  followed with a pure hydrogen treatment a t  120OoC 

t o  c l e a n  out  the r eac t ion  a rea  of any ch lor ides  which could a c t  a s  nuclea- 

t i o n  s i t e s .  The c o l l e c t o r  a rea  deposi t ion fol lows f o r  the  designed th ick-  

ness  and the  r e s i s t i v i t y  is control led t o  8-12 ohm-cm N-type. After the  

c o l l e c t o r  has been.deposited,  t he  system i s  purged with pure hydrogen a t  

12OO0C t o  remove the  r e s idua l  t races  of the  gases from the  c o l l e c t o r  

depos i t ion ,  The 

4-5p of P, 0.1 ohm-cm, 

used t o  cont ro l  the  r e s i s t i v i t y  i n  the  e p i t a x i a l  l ayers .  

of t h e  base layer ,  the  system is cooled f o r  removal of t he  subs t ra tes .  

base l a y e r  deposi t ion then follows t o  give a l aye r  of 

Gaseous dopants such a s  phosphine and diborane a re  

Af te r  the  growth 

d. Evaluation -- 
(1) R e s i s t i v i t y :  The r e s i s t i v i t y  of t he  grown l aye r s  a re  

The c o l l e c t o r  determined using a three-point  and a four-point  probe. 

r e s i s t i v i t y  i s  

t i on .  

determined by. three-point  readings on a s i n g l e  N%?- deposi-  

(2) Layer Thickness: The th ickness  of the  deposi ted l a y e r s  

i s  ' determified by angle lapping  and s t a i n i n g  techniques. In te r fe rence  

measurements with sodium l i g h t  are' 

nesses.  

used t o  determine ac tua l  l aye r  th ick-  
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(3) Surface Qua l i ty :  Visual examination, microscopic tech- 

niques and chemical e tching of the sur face  a re  used f o r  sur face  evalua- 
I -  

t i on ,  I f  under v i s u a l  examination any de fec t  is found i n  the  a c t i v e  

a rea  of the  deposited subs t r a t e ,  t h a t  s l i c e  i t3  re jec ted ,  s ince  u n i t s  

f ab r i ca t ed  from s l i c e s  containing poly incxusions on t e t r a h e d r a l s  always 

gave l o w  vol tages  (vCB of 5 - 10 vol t s ) .  

The sur faces  a re  a l s o  etched i n  a chromic, hydrofluoric  ac id ,  water  

mixture t o  determine the  number of s tacking  f a u l t s  present.  Counts of 

8-20 per cm2 a re  typ ica l .  

Microscopic examination is used t o  determine the  presence of de fec t s  not 

seen by the  v i s u a l  technique. 

were achieved on those s l i c e s  t h a t  passed the  v i s u a l  examination, 

However, y i e l d s  of 90% good e l e c t r i c a l  u n i t s  

Table I compares the  e l e c t r i c a l  c h a r a c t e r i s t i c s  of mesa diodes on one 

s l i c e  with an e p i t a x i a l  c o l l e c t o r  and base with mesa diodes etched on a 

s l i c e  wi th  an e p i t a x i a l  c o l l e c t o r  and d i f fused  base. 

t i o n  is i l l u s t r a t e d  here as  w e l l  a8 t h e  low leakage c a p a b i l i t i e s  of the  

e p i t a x i a l  process. 

Uniformity of deposi-  

B. Emi t te r  Design_ 

I n i t i a l l y  a novel design approach was considered which would take i n t o  

cons idera t ion  any de fec t s  formed i n  t he  c r y s t a l  s t r u c t u r e  during f ab r i ca -  

t i on ,  such a s  pipes  and spikes,  which would l i m i t  the  performance of the 

device: 

e m i t t e r s  formed by oxide masking and d i f f u s i o n  on a . s i n g l e  c r y s t a l .  Only 

those emitters found t o  be i n  spec i f i ca t ion  would be connected ex te rna l ly  

i n  order  t o  meet the  current  ga in  and vol tage  requirements. Use of 

i nd iv idua l  emi t t e r s  on the  s i l i c o n  would allow considerably g rea t e r  

e f f e c t i v e  emi t t e r  edge length  to be obtained i n  a given area than i n ' t h e  

The apprcech c~lder  i r ? v e s t i g s t i ~ n  t&.?ed for 2 szrles of i i idividuai  

conventional i n t e r d i g i t a t e d  comb s t rue tu re  where a rea  must be used f o r  

e m i t t e r  interconnect ions.  The ind iv idua l  emi t t e r s  were t o  be stripes 

- 5 -  



I 

formed by d i f f u s i o n  i n t o  s i l i c o n ,  each s t r i p e  being 10 m i l s  i n  width 

separated by a base s t r i p  of 5 mils width. 

when strips of t h i s  s i z e  are ,employed, would be 42 inches.  

The t o t a l  emi t t e r  edge length,  

Unfortunately problems of encapsulation made it necessary t o  abandon t h i s  

i n i t i a l  approach. 

contact  t o  the  emi t t e r  and base area of t he  s i l i c o n  device were too f ine ,  

and , the  o r i e n t a t i o n  of the  ceramic d i s c  wi th in  the  case w a s  near ly  impossi-  

b le .  These technological  d i f f i c u l t i e s  o f f s e t  any advantages t h a t  may have 

occurred using th i s  design. 

Tolerances involved i n  using a ceramic d i s c  t o  make 

Another method employing the  redundancy concept was developed. 

approach a s e r i e s  of 10-ampere modules was f ab r i ca t ed  on a s i n g l e  s i l i c o n  

s l i c e  incorpora t ing  the  o r i g i n a l  d i f fus ion  p r o f i l e s ,  oxide masking and 

photores i s t  techniques. The bes t  of t hese  modules was connected i n  

p a r a l l e l  t o  ob ta in  100 amperes. Each module i s  a separa te  t r a n s i s t o r  

i s o l a t e d  from the  o the r  t r a n s i s t o r s  on the s l i c e  by mesa etching. 

hexagonal shape was ch0se.n f o r  each module. , T h i s  shape had the  advantage 

of f i l l i n g  the  sur face  of a c i r c u l a r  s l i c e  of s i l i c o n  wi th  very l i t t l e  

waste. 

a reas  for contac t ing  the  base and emi t t e r  of each module. 

In t h i s  

A 

I n  addi t ion,  the  opposing apexes of the hexagon of fered  s u i t a b l e  

Nineteen modules could be placed on a s l i c e  1 1/8 inch i n  diameter i n  the 

manner pictured i n  Figure 2 .  

length of approximately 2.5 inches, as required f o r  10-ampere operation. 

The t o t a l  a r ray  i s  the re fo re  theo re t i ca l ly  capable of operat ing a t  190 

amps. This redundancy design o f fe r s  advantages i n  f a b r i c a t i o n  y i e ld ,  

gain, and s a t u r a t i o n  c h a r a c t e r i s t i c s  f o r  the  sub jec t  t r a n s i s t o r .  D i f f i c u l t i e s  

were encountered i n  interconnect ion and encapsulat ion of t he  19 module un i t s .  

Due t o  t h i s  problem, a s i n g l e  100-amp u n i t  was designed. 

employed i n  the  f i n a l  t r a n s i s t o r  and is shown i n  Figure 

sists of 45 emi t t e r  f i n g e r s  with a t o t a l  emi t t e r  edge length  equal t o  21 inches 

and a t o t a l  emi t t e r  contac t  a r ea  equal t o  0.5 (in.)  . 

Each module has an emi t t e r  with an edge 

This is  the  design 

3 . The design con- 

2 
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I -  
C. Fabr ica t ion  

Three groups of t r a n s i s t o r s  were fabr ica ted  during the  second quar te r .  

An N- c o l l e c t o r  region and a P base region were grown e p i t a x i a l l y  i n  

successive s t e p s  on an @ subs t ra te .  

on the  base region, the  emi t t e r  mask was used t o  expose the  a r e a  f o r  the 

emi t t e r  d i f fus ion .  

then hard soldered t o  a moly d i sc .  

used t o  expose the  a rea  f o r  metal izat ion.  

with aluminum, and the  s l i c e s  were alloyed. 

masks used f o r  the  f a b r i c a t i o n  a r e  Shawn i n  Figures 4, 5, 6 and 7. The 

parameters of these  t r a n s i s t o r s  were: 

+ 
After  depoei t ing a l a y e r  of oxide 

The emi t t e r  layer  w a s  then d i f fused .  The u n i t  w a s  

The emitter-base contac t  mask was 

The contac t  area was evaporated 

The photographs of t h e  varfous 

The 

E. 

The 

21 3 sur face  concentrat ion f o r  the emi t te r  d i f f u s i o n  1 . 5 ~ 1 0  atomdcm 

concentrat ion of the  baee region = 1x10 
concentrat ion of t he  c o l l e c t o r  region = 4x10 

emitter d i f f u s i o n  depth'= 3.3 microns 

base width = 2.5 microns 

i n t r i n s i c  c o l l e c t o r  width 15 microna. 

18 3 atoms/cm 
14 3 atoms/cm 

e l e c t r i c a l  c h a r a c t e r i e t i c s  of these t r a n s i s t o r s  a r e  shown i n  Table 11;. 

Encapsuiation 

coneaoting elements were designed so t h a t  no changes i n  ex te rna l  out-  

l i n e  would be required.  

1. E m i t t e r :  

The e m i t t e r  contac t  cons i s t s  of a Teflon washer with a t h i n  l aye r  of 

s i l v e r  f o i l  formed around it t o  conform wi th  the  emi t t e r  contac t ing  su r -  

f ace  of the  bas ic  device. 

so t h a t  the  s t r e s s - s t r a i n  c h a r a c t e r i s t i c s  would.allow it  t o  flaw and con- 

form t o  the  emi t t e r  lead and device surface,  y e t  not so g r e a t  t h a t  i t  would 

The thickness  of t he  Teflon washer was designed. 

push the  emitter contac t  a r ea  from the  sur face  of the  device.  

f o i l  was fashioned t o  allow cold flow of t h e  Teflon. 

The si lver 
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2. Base Contact: 

The base 

loca tor .  
chamfer a t  the Contacting ourface. Th io  f e a t u r e  allows f o r  the cold flow 

of the emi t t e r  contac t  under pressure,  which i n  t u r n  locks the base i n  

place. 

the e m i t t e r  contac t  on the  su r face  of the  bas ic  fusion. 

contac t  element c o n s i s t s  of a n a i l  head s i l v e r  wi re  and Teflon 

An important f ea tu re  of the  Teflon l o c a t o r  is t h e  reverse  

The Teflon loca to r  se rves  another important func t ion  i n  center ing  

I n  t h e  f i r s t  emi t t e r  contac ts  the s i l v e r  was notched and formed around 

the Teflon cushioning pad by hand. It was very d i f f i c u l t  t o  a l i g n  the  

contac t ing  a rea  accura te ly  and form the expansion arch. 

designed and t h e  remaining contac t r  were made by a mult ip le  punch and 

d i e  method. 

was found t h a t  these wrinkles  did not adversely a f f e c t  the  c h a r a c t e r i s t i c s  

of t he  device. 

Tooling was 

This method l e f t  wrinkles on the  contac t ing  sur face ,  but  i t  

3. Collector :  

It is  very important t h a t  i n  designing t h e  c o l l e c t o r  contac t  t o  keep i n  

mind t h a t  i t  is  through t h i s  contact  t h a t  the hea t  generated wi th in  the 

bas i c  fus ion  flaws t o  be d i se ipa t ed  i n  the  base and hea t  sink. 

r equ i r e s  t h a t  the  molybdenum mounting d i s c  of the  bas i c  fus ion  and the  

base be i n  in t imate  contact.. ' To enhance the  in t imate  contact  between the  

T h i s  

bas ic  fus ion  and the  base, a s o f t  s i l v e r  d i s c  w a s  placed between 

them. 

f l a t n e s s  and su r face  f i n i s h )  as possible  i n  both the  molybdenum mounting 

d i s c  and pedestal  surface.  

The purpose of t h i s  d i s c  was Eo f i U  a s  many voids (due t o  l ack  of 

Upon examining the  f o i l  a f t e r  disassembly, the imprint  of the molybdenum 

and t h e  base su r face  i r r e g u l a r i t i e s  were c l e a r l y  v i s i b l e ;  i nd ica t ing  t h a t  

t h e  s i l v e r  f o i l  was performing as intended. 

s 

- 8 -  
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111. PROGRESS DURING PRESENT PERIOD 

, 

I n  addi t ion  t o  the deslgn mentioned i n  the last s e c t i o n  (Dcalgn 1) two 

other  designs were c a r r i e d  out: 

except f o r  the  f a c t  t h a t  the  c o l l e c t o r  thickness  i s  reduced t o  6-8 microns. 

Two groups of t r a p s i s t o r s  were fabricated and encapsulated according t o  

t h i s  design and the  e l e c t r i c a l  t e s t  r e s u l t s  a r e  shown i n  Table 111, I n  

Design 3 a P' base region was grown e p i t a x i a l l y  on an I@ s u b s t r a t e  and the  

emi t te r  region was then d i f fused  on the  top of t h e  base region. 

groups of t r a n s i s t o r s  were f ab r i ca t ed  and encapsulated according t o  t h i s  

design. The parametets of these t r a n s i s t o r s  are as follows: 

Design 2 i s  i d e n t i c a l  w i t h  Design 1 

Three 

concentrat ion of the & s u b s t r a t e  = lx1019 atoms/cm3 

concentrat ion of the  P' base region = lxlO1' atoms/cm 

thickness  of the base region = 6.5 microns 

3 

sur face  concentrat ion of the  emit ter  d i f f u s i o n  = 1x1021 atoms/cm 3 

emi t t e r  d i f f u s i o n  depth = 4 microns 

The n e t  impurity d i s t r i b u t i o n  of the three designs a r e  given i n  Figures 

8a, 8 b  and 8c.  The e l e c t r i c a l  t e s t  r e s u l t s  a r e  shown i n  Table IV. The 

voi tage  and the  cu r ren t  a r e  wi th in  the  s p e c i f i c a t i o n  of the present  

cont rac t .  

The high value of VCE(sat) f o r  Design 3 i s  understandable. 

l a rge  d i f f e rence  i n  doping between the  emi t t e r  and t h e  base region, the  

vaiue or' Ebb, is conaider&Ie and this Iri~reases the s~tutrati~::  ~ ~ l t a g e .  

A t  present ,  e f f o r t s  a r e  being'made t o  reduce the  e f f e c t  of Rbb'. 

Because of the  

I n  a d d i t i o n  t o  the  t h r e e  e p i t a x i a l  designs, the parameters f o r  the  p l a i n  ' 

simultaneously d i f fused  ve r s ion  have been ca lcu la ted .  Mater ia l  has  been 

acquired and processing has been i n i t i a t e d .  

- 9 -  
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'The deep d i f fus ions  required for t h e  simultaneously d i f fused  structure 

are more amenable to  the mesa type. 

are c r i t i c a l  f o r  t h i s  approach s i n c e  the  bulk base width must be con- 

trolled over a large area. The emitter geometry Is defined by a eilicon 

etch f o r  t h i s  approach and a s  such i s  less control lable  than the planar 

e p i t a x i a l  vers ion which requires  only an oxide etch. 

Tolerances, both surface and bulk, 

-10- 



IV. PROGRAM FOR NEXT PERIOD 

During the next period Btnne change8 i n  the fabr ica t ion  procedure for 

Design 3 w i l l  be made t o  minimize Rbb'. This procedure w i l l  e s s e n t i a l l y  

cons i s t  of d i f f u s i n g  a t h i n  l aye r  P dopant on the top  of t h e  base region 

with concent ra t iop  s l i g h t l y  l e s s  than that  of the emi t t e r  region. The 

simultaneously d i f fused  ve r s ion  w i l l  a l so  be processed and evaluated dur- 

ing  t h i s  period. 

i n  the  next monthly repor t .  

The r e s u l t s  of this modified f a b r i c a t i o n  w i l l  be reported 

- 11- 



V. MANHOURS EXPENDED 

Tire following i e  the total manhour8 expended t o  date: 

Engineers 786 hours 

Techni c i  an8 769 hour6 

'12' 
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FIGURE 2 .  

Mesa MaBk 
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FIGURE 3 

100 AMP TRANSISTOR 
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FIGURE 5 

Emitter-Babe Control Mask 
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FIGURE 6 

Iweree Maek 

. 



FIGURE 7 

Meea Mask 
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TABLE I 

IV CHARACTERISTICS OF DIFFUSED AND 
EPITAXIAL P-N JUNCTIONS I 

Mesa 

1 
2 
3 
4 
5 

. -  

10 . 

11 
12 
13 
14 
15 
16 ' 

17 
18 
19 

Epitaxial-Diffused Junction Double-Epitaxial Junction 
Volt/ma Volt/ma 

100/80 
30/80 
80/80 
200/15 

180/1 
180/1 . 

180/1 ' .  

180/1 
200/5 170/ 1 

I .  10/90 180/1 
. 30/90 180/1 

200/15. 
200/ 15 
200/8 
90/8 
40130 
100/90 
160/50 

40/50 

90/80 
6/80 
36/90 
32/90 

. .  160/1 
i6G/I 
180/1 
180/1 
180/1 
160/ 1 
170/1 
180/1' 
180/ 1 
160/1 
17011- 
170/1 

i 



T A B L E I I :  ELECTRICAL CHARACTERISTICS OF THE 
ENCAPSULATED TRANSISTORS 

Unit 
No. - 

126-1 
126-2 
126-3 
126-4 

126-5 
128-1 

128-3 

'EB 'CB 
volt /ma volt /ma 

11/100 37/30 
11.5/100 46/22 

11/50 120 /SO 
5.5 /lo0 45/40 
10.5 /50 140 /40 

13 /50 27/100 

13 . 5 /50 35 /lo0 

"CE 'CE (s at) 
volt/ma volt at 8 0 A  

35 /35 .34 
40 /30 .57 
105 /75 2.45 
42/50 .67 

120 /70 2.46 
18/500 .02 
4.5/100 .42 

"BE (sat) 
volt at 8 0 A  

- 
1.2 
2.9 
1.1 

2.9 
1.1 
1.1 

h~~ ------------- ----- -------- 
20A 40A GOA 8 0 A  lOOA 
i- --- 

13 13.3 12.5 .12.3 10.6. 
17.8 16.8 16 15 12.8 
12 9.1 8.7 8 - 

13.5 13.5 12.5 12 10 
11 8.5 7.6 ao 
75 60 46.5 37.5 27 
84 70 52 42 30 

. 
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TABLE I11 

Run No. ~ F E  'CEO 
V l m a  - 80A 

1-1 20.5 90 /loo 

- 

2-1 6 50/100 

2 -4 11.5 25 /lo0 

2 -5 10 50/100 

2 -6 10.5 40 /40 

' C E ( s a t )  
8 0 A  

.75v 

> 3v 

> 3v 

> 3v 

TABLE I V  

> 3v 

7 30 22/5 * 

8 18.5 20 i 6 0  

9 17.5 25 /10 

. 6 5 V  

1.59': 

1.2v 


